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BBEII:EHl1E 

Cy~ecTByeT HeCKOJihKO cnoco6oB noJiytteHH51 BhlCOKO~eMnepaTypHOH Tep

MOSIAepHOH nJia3Mhl: 3JieKTpoMarHHTHhlll paaorpes C MarHHTHhIM YAep%aHHeM, 

paaorpeB ycKopeHHhlMH 3JieKTpoHaMH H HOHaMH, a TaK)Ke Jia3epHbIH paaorpeB C 

HHepu.ua.nbHhlM YAep)Ka~ueM DJia3Mhl [ 1 ). 
HeAOCTaTKaMH nepBhlX ABYX cnoco6os COOTBeTCTBeHHO 51BJI51IOTC51: orpaHH

_lfeHue, HaKJiaAhlBaeMoe TeXHHlfeCKHMH BO3MO)KHOCT51MH noJiytteHH51 HHTeHCHB

HhIX 3JieKTpoMarHHTHhlX noJieii, Ha llJIOTHOCTh paaorpesaeMOH H YAep)KHBae

MOH DJia3Mhlj TPYAHOCTH B noJiytteHHH Heo6XOAHMhIX AJI51 DOA)KHra DJia3Mhl 

nyttKOB C BhlCOKOH DJIOTHOCThIO YCKOpeHHhlX ttaCTHU, H3-3a o6paTHO nponopu,H

OHaJibHOll aaBHCHMOCTH 3Toro napaMeTpa OT Z ttaCTHU,hl. KpoMe 3TOro, see TPH 

cnoco6a COAep)KaT npHHU.HilHaJihHble KOHCTPYKTHBHhle oco6eHHOCTH, KOTOpble 

He llO3BOJI51IOT npespa~aTb TepMO51AepHyIO 3HepruIO B 3JieKTpoMarHHTHYIO C 

BhlCOKHM Knn:. 8 peayJihTaTe AO CHX nop He noJiytteH HCTOlfHHK TepMO51AepHbIX 

HettTpOHOB (TH) AJI51 HayttHhIX U.eJieii, KOTOphltt 6hlJI 6hl 3KBHBaJieHTeH, Hanpu

Mep, HMDYJihCHhlM aTOMHhIM peaKTOpaM. 

B paccMaTpttsaeMOH pa6oTe npt!AJIO)KeH npHHIJ,HilHaJihHO HOBhIH cnoco6 pa

aorpesa n yAep)KaHtt51 DJia3Mhl 6ea yKaaaHHhlX HeAOCTaTKOB, aaKJirottarom;Hiic51 B 

paaorpese u yAep)KaHuu (d, T, Pu239
)-DJia3Mhl B HeiiTpoHHOM nOJie, KOTOphlii 

no3BOJI51eT noJiyttHTh pa3MHO)KHTeJih TH AJI51 HayttHhIX HCCJieAOBaHHii. HeiiTpo

Hhl HeOOXOAHMhl AJI51 noJiytteHH51 AeJieHH51 DJIYTOHH51, 3Hepm51 OCKOJIKOB KOTO

poro UAeT H~ paaorpes u noHtt)KeHue TeMnepaTyphl nOA)KHra (d, T)-nJia3Mhl 

npu OAHOM u TOM )Ke KpuTepuu JloycoHa. 

1. PA3MHO)KEHl1E TEPMO.SIII:EPHblX HEATPOHOB 
OCKOJIKAMl1 II:EJIEHl1.SI 

IJ:oKa)KeM, lfTO cym;eCTsyeT u,enHa51 peaKU,H51 51AepHoro CHHTe3a, HHHU,HHpy

eMaSI HCXOAHhlM noporoBhIM KOJIHlleCTBOM HeiiTpoHOB B HMilYJibCe, KOTOphIM o6-

JiyttaIOT AeJIHm;eecg sem;eCTso, noMem;eHaoe B TepMO51Aepuy10 DJiaaMy. Haqu

HaSI C 3TOI'O nopora, npH YCJIOBHH 3AHa6aTttlleCKOro YAep)K3HH51 IlJl33Mhl, BhIXOA 

TepMO51AepHbIX HettTpoHOB npeshlwaeT HCXOAHOe KOJIHlleCTBO HeiiTpoHOB B HM

nyJihCe s npou.ecce paaorpesa nJia3Mhl OCKOJIKaMH AeJieHH51, o6ecnellHBa51 TeM. 

caMf>IM u,ennyro peaKu,uro 51AepHoro CHHTeaa. 

lt\tl:,rR'tiril.it¼ HKC'i'ITJT I 
ll~~swx iCC~f.l~llGai 

s.-wsn~IOTEHA ,____ -~ 
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,ll,oKa)KeM :no Kat\ecTBeHHO Ha tJaCTHOM npnMepe (Ta6JI.1). B03bMeM I'OMO

reHHYIO (d, T, Pu239
)-cMech n 6yAeM o6nytJaTh ee HettTpoHHhIM HMilYJihCOM, 

o6ecnetJnBasi npn 3TOM aAna6aTntJecKoe yAep)KaHne cMecn aa BpeMSI •·wr npn _yc-

JIOBnn, lJTO OHO He MeHbUie BpeMeHH HMilYJibCa HettTpOHOB •rN" 

Ta6nnu,a 1 

NwN Tw,• l/cM2 NI' l/cM
3 

11d, l/cM3 
/IWN' l/cM

3 
11WN[/ N WN'I' Wr 

1016 1012 3· 1016 l,3· 1014 l,3· 10-2 

1011 1013 3· 1017 l,3· 1016 l,3·10- 1 

1018 1014 3· 1018 l,3· 1018 l,3· 10° 

... . .. . .. . .. . .. 
IlpttMeqaHtte.111 = S·l019/cM3; a1N/14,l (MsB) = 2-l0-24 cM2; Ae = 3,2KsB; Tw, = 0,1 c; 

<aMvd> 3,2 K3B=l,4·l0- 18 cM
3
/c; /=lcM;Tw,=T,N. 

B nepBOM CTOJI6u,e Ta6JIHU,bl COAep)KHTCSI HCXOAHOe KOJIHtJeCTBO HettTpOHOB 

B nMnynhce Ha cM
2 (NwN •wr).c 3Heprneli 14,1 MsB. Bo BTOpoM CTOJI6u,e yKaJa-

HO lJHCJIO AeJieHHH Ha CM
3 

npn npoxo~eHHH 3THX HeHTpoHOB tJepe3 OOO>eM V CO 

CMeChIO: 

N1 = NWN •wrnfa/N (14,l MsB), (1.1) 

rAe n1 - KOHu,eHTpau,nsi Pu239 B 1 cM3, a1N (14,1 MsB) - ce1Ieirne AeJieHttSI 

HettTpoHaMn c 3Heprneli 14, 1 MsB Ha Pu239• B TpeTheM cron6u.e npnBeAeHo Ko

JintieCTBO HOHOB nJia3Mhl, KOTOphle noJiytJHJIH cpeAHeMaKCBeJIJIOBCKYIO /J.e-

3Heprnro B npou,ecce paaorpeBa IlJia3Mhl OCKOJIKaMn AeJieHnsi: 

nd= 10
5

KsB·N/l:l.e. (1.2) 

B cpeAHeM B3SITO BbIAeJieHne 3Heprnn - 200 MsB Ha OAHH aKT AeJieHm1 npn yc

JIOBHH, lJTO 3Ta 3HeprnSI HAeT nopoBHY Ha paaorpeB HOHHOH H 3JieKTpOHHOH 

KOMilOHeHT. TaK KaK AJISI ynpoI.1.1,eHHSI ou,eHOK He YtJHTblBaeM ytJaCTne B pa3o

rpeBe IlJia3Mhl 3Heprnn a-qacrnu. (3,5 nWN MsB) na peaKu,nn 

d + T -+ a + n + 17 ,6 MsB, (1.3) 

2 

... 

' "' 

C 

TO He 6yACM YtJHThIBaTb paaorpeB IlJIYTOHHSI Hero 3JieKTpoHOB (21:l.e n} H3-3a HX 

conaMepnMOCTn. BbIXOA TH Ha I cM
3 

na :JToii peaKu,nn npirneAeH B tJeTBepTOM 
CTOJI6u,e: 

2 
nWN = nd <aM vd> Ae T Wr' (1.4) 

rAe <a M v d> AE - 3<f><f,eKTIIBHaSI CKOpocTb peaKU,IIH ( 1.3) nOCJie ycTaHOBJieHHSI 

MaKCBeJIJIOBCKOro pacnpCACJJCHHSI, a M - 3<f><f,eKTHBHOe cetJCHHe peaKU,HH ( 1.3) 

npu 3Hepmn /J.e, V d - Han6onee Bepo51THaSI MaKCBeJIJIOBCKaSI CKOpocTb AeHTOHa 

B IlPCAilOJIO)KCHIUt IlOKOSII.1.1,CfOCSI TPHTHSI npn YCJIOBHH 

-0 

I . 
nd = nT = 2nr (1.5) 

B nsiToM cTon6u,e AaHo OTHomeHne BhIXOAa TH K ucxOAHOMY KOJIHtJCCTBY HeiiT

poHoB B nMnyJihCe. BhlxOA TH na peaKu,nn (1.3) B OObeMe V AJISI cpaBHCHHSI c 

HCXOAHhIM KOJIHtJCCTBOM HCHTpOHOB B HMilYJibCe HaHACH H3 CJICAYIOI.1.1,HX coo6pa
)KCHHH. TaK KaK e o6beMe Vpo~aeTCSI nWNV TH B ceKyUAy: 

nWNV = nWN° V/r Wr' 0.6) 

no3TOMY noToK TH, po~eHHhIX e o6beMe c (d, T, Pu239)-IlJia3MOH, HaXOAHTCSI 
H3 COOTHOIIICHHSI 

nwNv·•wN 
NWNV= V VWN' 

rAe vWN- CKOpoCTb po)KACHHoro TH; 

•wN = llvwN 

- cpeAHee BpeMSl Haxo~eHHSl po~eHHOro TH B OObeMe V; 

IIWN·V 

l= L 1/nwN·V 
i = I 

(1.7) 

(1.8) 

(1.9) 

- cpeAHSISI AJIHHa nyTn <>Toro TH e OObeMe V, I. - AJIHHa nyTn po~eHHOro i-ro 
I 

TH BHYTPH OObeMa V; n WNV r WN - KOJIHtJCCTBO po~eHHhIX TH na peaKu,uu 

(1.3) aa r WN" B peayJihTaTe aa BpCMSI yAep)KaHHSI r Wr BhIXOA TH 6yAeT CJieAyro

I.1.1,HM: 

nwNv•wr 
NwNv·rwr = v ·I= nwN·l. (1.10) 
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KaK CJienyeT H3~Ta6JI. l, ua,mttaH c noporoBoro 3Hallemrn 11cxonuoro KOJIH

qecTBa HeiiTpoHOB 

nwN·l/ NwN·r:w, = l, · (l.1 l) 

TaKoii MexaHH3M pa3orpeBa nJia3Mbl npHBOAHT K u.enuoii peaKU.HH H):(epuoro • 

CHHTe3a*. 

Heo6xon11Mblii ucxonuhlii noTOK TenJioBwx uciiTpOHOB NW (l/ cM
2 

c) AJIH 
-. ti 

HHHU.HHpoBaHHSI u.enHOH peaKU.HH MOX<HO itOJIYllHTb H3 paBeHCTBa BblXO):(a aK-

TOB ne.nettttH: 

NW111:w,nfaf11=nwNlnfafN' (1.12) 
-t}-1 . 

22 2 Fu,/' ~ a"'tk' 
rne a~ = 7,4· 10- CM - CelleHHe ne.neHHSI'renJIOBblX HeiiTpOHOB c :mepmeii 

,11 ✓ . 

0,025 3B Ha Pu239
• OTKyna CJienyeT, lJ.TO 

l . a/N 
N -n ·~ a 

Wn - WN r:w, /11 

2. BPEM:SI Y.ll,EP)KAHl1.:SI (d, T, Pu239)~TTJIA3Mbl 
.ll,JI:SI 11.HWU,J,1·11.POBAHM:SI IJ;ETTHOH. PEAKU,1411. 

51:;Ll,"EPHOro Cl1.HTE3A 

(1.13) 

PaCCMOTpHM u.euTpaJibHblH Icy6HK B anna6aTHlJ.CCKH H30JIHpoBaHHOM o6he

Me, 3aiiOJIHCHHOM (d, T, Pu239
)-cMeCblO, c KOHU.eHTpau.neii llaCTHU. COOTBCTCT

BCHH0 nd U/cM
3 

], nT (l/cM
3

] H n1 (l/cM
3 

]. OpraHH3yeM HMnyJihC TenJIOBhlX 

HCHTpoHOB N Wn 3a r rn (c). TT pH 3TOM noTpe6yeM (lJ.TO TCXHHlJ.CC~H MOX<HO opra

HH30BaTb), llTOOhl 3a BPCMH ynepx<aHHH .nJia3Mhl r ;, nponcxonHJI onnHaKOBblii 

OOMeH qacrnu,aMH MCX<AY u,eHTpaJihHhlM Ky611KoM H ero oKpyX<eHneM. B AaJib

HeuweM ):(JISI paCllCTOB 6y):(CM HCilOJib30BaTb CXCMY MeXaHH3Ma pa3MHOX<CHHSI 

TH OCKOJIKaMn ne.neHHH Pu239 
npH yCJioBHH anHa6aTHllecKoro ynepxcaHm1 

( d, T)-nJia3Mhl, npHBCACHHYIO Ha pnc. l, corJiacuo KOTopou AJIH 3HepreTHlJ.CCKo

ro 6anaHca Tpe6yCTC51 YllHTblBaTb TaKX<C o6pa30BaHHC MrHOBeHHblX BTOpHllHblX 

HeuTpoH()B Ha aKT nen.ettH~: AJI51 ne.nettH51 TH.( 14,1 M3B) ['2] n MrHOBCHHblMU 

HeiiTpoHaMH (cpe):(H5151 3Heprtt51 - 2 M3B i2]) COOTBCTCT~eHHO 

v ~ 4,85 n; 3,21 ·n. ·(tl) 

• Uentta11 peaK~1111·11;l{epttoro c11ttTe~ 6hma pattee·ycrattowietta 3op.Httb1M· r.H. 

4 

,;,, 

------

~ 

Pu239 d,·T 

P11c.1. CxeMa Mexattl13Ma pa3MHOJKeHl1!1 TH OCKOJ1KaM11 AeJ1em111 Pu
239 

npH yCJIOBHH aAHa6a

THlleCKOl'O YAeplKaHHII (d, T)-nJla3Mbl 

TTpH 3TOM CJienyeT YllHTblBaTb IlOBblWCHHC TOpM03HOH cnoco6HOCTH nJia3-

Mbl no Mepe ee HarpeBa, cyw,eCTBCHHO yKopallHBaiow,eu npo6em OCKOJIKOB (B 

B03):(yxe npH HOPMaJibHblX yCJIOBH51X npo6ern OCKOJIKOB, CKOJ)OCTH KOTOpbIX, 

KaK npaBHJIO, JieX<aT B nnana30He - 6· 107 
CM/C + - 3· 109 

CM/C, cOCTaBJI51IOT 

OT - 1,6 CM AO - 2,6 CM [2 ]) . TaKxce CJie):(yCT HMCTb B BHAY' 1.J:TO H3-3a 3Ha•m

TCJibHO OOJibWeii MaCCbl nJiyTOHH51 ff ero OCKOJIKOB AeJICHH51 no cpaBHCHHIO C 

MaccaMH d, T, e H H3-3a caMOI'O MCXaHH3Ma pa3orpeBa 3THX llaCTHU,, B OCHOB-

HOM B pe3yJibTaTe CTOJIKHOBCHH51 C OCKOJIKaMH, T5l)KeJiblC 51):(pa Pu239 
6ynyT Ha

XOAHTbCSI B nJia3MC 3a BpeM51 pa3orpeBa npaKTHlJ.CCKH B OXJia)K):(CHHOM COCT051-

HHH B corJiaCHH C paclJ.eTaMH B paMKax rH):(po):(HHaMHlJ.CCKOH MO):(eJIH nJia3Mbl, C 

y11eTOM ee KOJIJieKTHBHOH ripupo):(bl, B COOTBCTCTBHH C KOTOpoii TaKa51 

(d, T, Pu239
)-nJia3Ma npenCTaBJIHCT u3 ce651 TpexxcUAKOCTHYIO cnCTeMy c pa3-

JIH11Hoii TeMnepaTypoii AJI51 KaXCAoii XCH):(KOCTH. Ho ttanu11ue 51):(ep Pu239 
u oc

KOJIKOB ne.nettu51 B (d, T)-nJia3Me noBhlwaCT ee H3JiyllaTeJihHYIO cnoco6HOCTh, 

HaKJia):(hlBa51 TeM caMblM OOH3aTeJibHOC YCIIOBHC Ha KOHU,CHTpall,HIO 11acruu. B 

(d, T, Pu239
)-nJia3Me: 

5 



16 / 3 • nd + nT + nf> 10 qaCTHU. CM , (2.2) 

HaqHHaSI C KOTOpoii, corJiaCHO 3aKOHY Kttpxrocpa, pa6oTaeT 3Q><PCKT 3anttpamrn 

H3JiyqeHHSI nJia3Mbl. BepXHSISI rpaHHU.a AJIHH BOJIH H3JiyqeHHSI, npOXOASIUJ.HX qe

pe3 OJia3MY npH KOHU.CHTpaU.HH 3JICKTpoHOB ne' onpe):leJISICTCSI no cpopMyJie 

). = 3,3· 10
6
/~. (2.3) 

Bee 3TO B COBOKYTIHOCTH 003BOJISICT nepeBCCTH KHHCTHqeCKYIO 3HeprHIO OCKOJI

KOB ACJICHHSI a TeOJiosyio 3Hepmio (d, T)-nJia3Mhl. 

HaiiAeM BpCMSI YACp)KaHHSI OJia3Mhl, B TeqeHHC KOTOporo BblOOJIHSIIOTCSI 3TH 

yCJIOBHSI, Il03B0JISIIOUJ.HC HHHU.HHpoBaTb u.enHylO peaKU.HIO SIACPHOro CHHTC3a. 

Ho npe)KAC onpeAeJIHM Heo6xoAHMYIO AJISI 3Toii u.eJIH KOHU.CHTpau.nio nJiyTOHHSI 

H3 yCJIOBHSI HOHH3au.nn (d, T, Pu
239

)-cMern: 

Vid,T ni 
nf=NT. a £ - VJ' 

Wn w11 /11 I 1 

(2.4) 

rAe Vid,T = 13,6 3B, Vil~ 6 3B, a111 = 7,4 • 10-
22 

cM
2

, £/ = 1,8 · 10
8 

38 [31 -

3Hepmsi OCKOJIKOB ACJICHHSI Pu
239

• C U.CJihlO BhIOOJIHCHHSI yCJioansi (2.2) H AJISI 

TCXHHqeCKOro YA06cTBa KOHU.CHTpau.nio ACHTCPHSI C TPHTHCM B03bMCM 

ni = 2, 7 • 10
19 

qacTHu./ cM
3 

(2.5) 

npH yCJIOBHH (1.5), qTQ COOTBCTCTBYCT AaBJICHHIO s OAHY aTMOCcpepy npH KOM

HaTHOH TCMnepaType. BpeMSI HOHH3aU.HH onpe):leJIHM C yqeT0M «U.CHbl H0HH3a

U.HH>>, pasHoii <2 + 3) vi, H3 

lo 1 cM -6 
T. =2·-=2·-_c::_~-=9,0·10 C, 

ion Vwn 2,2· 10
5 

CM/C 

(2.6) 

rAe vwn - CKOpOCTb TCOJIOBhIX tteiiTpoHOB c 3Hepmeii 0, l 3B. TorAa H3 (2.4) 

CJICAYCT-yCJioBHe (xoT~ iie o6si3aTeJihHO)., 1IT06bl see aTOMM nJiyTOHHSI H0HH3H

posaJIHCh: 

OTKyAa c yqeTOM (2.6) 

npH yCJI0BHH 

6 

N W11 Tio~ afn £ /~- vii> 0. (2. 7) 

Nw,,>5,0· 1018 Wn 
CM

2 ·c 

Tm> Tio11· 

(2.8) 

· (2.9) 

., 

''11 

<Q 

Ho B pactteTaX AJISI coxpaHCHHSI 0AH0ro H Toro )KC 3HatteHHSI N W11 npH paCCM0T

pemrn pa3MH0)KHTCJISI TH It TCpMOMCPHOro peaKT0pa 6yAeM HCOOJib30BaTb 

Nw
11 

= 2· 1019 Wn 
2 ' CM •c 

(2.10) 

'ITO TCXHHtteCKH ocyw.eCTBHMO Ha HM0YJibCHbIX peaKTopax C pa3pywaeMOH aK

THBHOH 3oHoii [ 4 ]. B TaKoM peaKTope ,)l(JtAKHii pacTBop ypaHosoii coJIH c OOJih

IDOii KOHU,eHTpau.neii ypaHa B HCXOAHOM OOJIO)KCHHH HaXOAHTCSI B OOAKPHTHtte

CK0M COCT0SIHHH. C 0OMOUJ.blO rttApaBJIHKH paCTBOp BblCTpeJIHBaeTCSI B IlOJIOCTb, 

B KOTOpoii CTaHOBHTCSI HaAKPHTH'!HblM. 8 pe3yJihTaTe npoHCXOAHT BCilblllIKa C 

caMoraweHHeM. Pa3JieTeBllIHCCSI npoAyKTbl BC0bllllKH 0XJia.)l(AalOTCSI Ha CTCHKax 

KaMephl H co6ttpalOTCSI BH0Bb BHH3y. <l>JIIOCHC B TaK0M peaKT0pe Ha napy TI0PSIA

K0B BblllIC, tteM, HanpHMCp, B HM0YJibCH0M rpacpHTOBOM peaKT0pe B pe)KHMC ca

M0raIDeHHSI (5) c qJJIIOCJ!COM 

ct>= :En= l017Wn/0,l ·c·cM
2

• (2.11) 

0 
B pe3yJihTaTe acero 3TOro COrJiaCH0 (2.4), C ytteTOM (2.5; 2.6; 2.10) noJiyttHM, 

'ITO 

n1= 2,0· 10
19 

aT0M0B P.u
239 

/cM
3

• 

B Aa3ihHeiiweM AJISI 0OACTpaX0BKH 6yAeM HCOOJib30B3Th 

n
1

=2,7·10
19 

aTOM0B Pu
239

/cM
3

• 

'(;\. 

(2.12) 

(2.13) 

1ho6hl 0OllICJI 3aMCTHblll TepMOMCPHblll CHHTC3 B OJia3Me, Tpe6yeTCSI Bbl-

0OJIHCHHC yCJIOBHSI: 

n~ 
I < 4 a M V d> E T st > 1 / CM3. 

dst 

(2.14) 

BpCMSI CTapTOBOI'O'.pa30rpesa AJISI Bbl0OJIHCHHSI 3T0ro YCJI0BHSI M0)KH0 HattTH TIO 

q>opMyJie 

n/dst + n/Edst 
T = , st Nw11nfaf11£f 

(2.15) 

rAe £ dst - HattaJihHaSI 3Hepmsi ACHTOHa npH 

Tst < Tm. (2.16) 

,ll,JISI nMytteHHSI MaKCHMaJibHblX OU.CHOK 6yAeM Cl!HTaTh, 'ITO AJISI aTOMOB nJiy

T0HHSI, HOHOB ):\CHTCpHSI H TpHTHSI H 3JICKTpOHOB Bbl0OJIHSICTCSI YCJIOBHC 

Tr= T. = T. 
I C 

(2.17) 
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TTOCJie ttatta.na TepMosmepttoro CHHTe3a nJia3Ma noJiyttnT .qonoJIHIITCJibtty10 
• :meprn10 3a ctteT 3Heprnu a-ttaCTHIJ, H3 peaKU.HH ( 1.3) 

E = 3 5· 106 
3B a , 

Ta6J1u1.1,a 2 

TK·I0-6 ,rpM Tev' C v · 10-5, CM/c 
s 

4,7 1,3· 10-8 179,9 

10,6 4,4· 10-8 270,2 

18,9 l,0·10-7 360,8 

29,5 2,0· 10-1 450,1 

42,5 3,4· 10-7 541,0 

51,8 5,6· 10-1 630,0 

78,8 8,8 · 10-1 736,6 

95,5 l,2· 10-6 811,0 

113,1 l,5· 10-6 882,5 

IlpttMe•mmte. 

Tev= l7·A i3/2flld,T 

npH 

lld,T = 2,7•1019
/cM

3
, 

r,1e T - epeMll Bb1paeHHB3HHll, A - eec eew.ecrna B aTOMllblX e,1HHHl.\ax; 
~ 1/2 

Vs= (ikT/mJ) 
npH 

TJ =Te= T, 
r,1e v, - CKOpOCTb 3ByKa, md - Macca ,1eHTOHa. 

(2.18) 

vd·I0-5,cM/C 

200 

300 

400 

500 

600 

700 

800 

900· 

1000 

(T 2.1) 

(T2.2) 

(T 2.3) 

(T 2.4) 

npu yCJIOBHH HX nOJIHOro norJIOW,CHH.SI B IlJla3Me, a TaKX<e 3a CllCT TH, o6pa3y

lOIIJ,HXCSI s peaKU.HH (1.3), KOTOpble Bhl3OBYT AaJihHeiiIIIee .qe.n.euue Pu 239
• Tor.qa 

nOCJie TOPMOX<CHHSI (r b,) a-ttaCTHU. H OCKOJIKOB AeJICHHSI H nOCJie BhlpaBHHBaHHSI 

(rev> TCMnepaTyphl IlJla3Mbl (Ta6JI.2) TaKOH BKJiaA 6y.qeT paBeH 

8 

~ 

~ 

IQ 

n~ n~ 
f <aM vd>Ed (7 br + 7ev) Ea+ f <aM vd>ed (Tbr + 7ev) 1o nfa/N El= 

n~ 
= f <aM vd>Ed (Tbr + Tev) (Ea+ lo nfa/N Et)' (2.19) 

r.qe cornaCHo O1.1,CHKaM cpe.qHSISI AJIHHa nyTH poX<.qeHHOl"O TH B Il,CHTpaJibHOM 

Ky6ttKC lo = 1 CM. 3a 3TO )KC BPCMSI (T br + T ev) BKJiaA B pa3orpeB IlJia3MhI 6y.qyT 

npoAOJIX<aTb BHOCHTh OCKOJIKH AeJICHHSI 3a CllCT TCDJIOBblX HCHTpoHOB OT HM

nyJibCHOl"O peaKTOpa. Ll,JISI npocTOTbl paccMOTpCHHSI He 6y.qeM yttHThlBaTh BKJiaA 

B pa3orpeB nJia3Mbl y-KBaHTOB, BTOpHl!HblX HCHTpoHOB AeJICHHSI, a TaKX<e 3Hep

rentl!CCKHH BKJiaA peaKU,HH H HCHTpoHOB H3 3THX peaKIJ,HH B ACJICHHC: 

➔ He
3 + n + 3, 7 M3B; 

d+d 

➔ T + p + 4,0 M3B; 

➔ a + 2n + 11,3 M3B; 

T+T 

➔ He
5 + n + 10,4 M3B. 

Tor.qa H3MCHCHHC 3Heprnu nJia3Mhl 3a CAHHHU.Y speMCHH 6yAeT 
2 n. 

(2.20 a) 

(2.20 6) 

(2.21 a) 

(2.216) 

dE - NW11 (Tbr + tev) nfafn Ea+ -;f-<aM vd>ed (rb, + Tev) (Ea+. lo ll/:TJNEI 

dr - (rb, + Tev) 

(2.22) 
TTOCJie COKpaw.eHHSI B npaeoii llaCTH H pa3ACJICHHSI nepeMCHHhlX B BhlpaX<CHHH 

(2.22) npouuTerpupyeM ero: 

Ewr TWr 

f dE f 
2 = dr, 

E. +Et n; ( ) r. +rt 
w11 s N W11 nlafn El+ 4 <aM vd>ed Ea+ lo nfa/N El wn s 

TaK KaK AJISI peaKU.HH < 1.3) 
-7 -4,52· 10

3 

<a V .> = fi(T) = 1,6· lQ . ----::iT3 
M d e -2/3 e Td 

d "Jd 
[cM

3
·c], 

(2.23) 

(2.24) 

B ttaCTHOCTH, npu TeMnepaTypax AO 108 
rpa.qycos 004 3B). B pe3yJihTaTe nony

l!HM, l!TO 
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r.!\e 

E Wr 

+f 
"ion+ "st 

e =N [T -(T. +r)] Wr W11 Wr IOI! st n1a111 e1+ 
• 

de 
N n a e 

l + Wn I /11 I 
2 n. 

f <aM vd>ed (ea+ lo nfafN et) 

+ eion +est' 

(2.25) 

ewr = (niedWr + nfePu wr) - (eion + est) + 

+ (ew +er+ e, + erech + erad + efion) · (2.26) 

IloTepH 3HepmH ew B pe3yJibTaTe YBCJIH'tCHHSI TCTIJIOilpOBOAHOCTH TIJia3Mbl C 

uarpeBOM .!\JISI OU,CHOK ue 6yACM yttHTblBaTb H3-3a yCJIOBHSI aAHa6aTHlJCCKOro 

YACp)KaHHH ee. BbITIOJIHCHHC YCJIOBHSI 3q><pCKTa 3anupaHHSI H3JIY4CHHSI TIJia3Mbl 

(2.2) nepeKpbIBaCT peKoM6uuan,HOHHOC (er) H JIHHCHttaTOC ( e ,) H3JIYlJCHHSI B03-

6y~CHHblX HOHOB. KpoMe 3TOro, TaKHC nOTCpH 3HCprHH nJia3MOH YMCHbWalOT

CSI npH nOBbIIIICHHH ee TCMnepaTypbI o6paTHO nponopu.uouaJibHO COOTBCTCTBCH-

HO T 112 
H 'f3/2. IlpH KOHU,CHTpaU,HH lJaCTHU. (2.5) H (2.13) AJISI OU,CHOK MO)KHO 

HC YlJHThIBaTb 3HCprmo nepe3apSIAKH e h' KOTopasi yHOCHTCSI 113 nJia3Mhl 6bICT-rec 
pbIMH HeiiTpaJibHblMH aTOMaMH. 8 TaKOH TIJIOTHOH TIJia3MC C MaKCHMaJihHhlM ne

pCKOCOM no z TaK)KC 6yACT OCJia6JICHO TOPM03HOC H3JIY4CHHC e d H3-3a YBCJIHra 
lJCHHSI Ha TPH nOpSIJ:\Ka K03q><pHU.HCHTa 3KCTIOHCHU.HaJihHOro norJIOlll,CHHSI ero ua 

Pu239 
no cpaBHCHHJO C JICrKHMH 3JICMCHTaMH. 3aTpaTbl 3HCpmH 

3 
efion = 2 kT (Zeff+ 1) +el: Vi (2.27) 

Ha Q}OPMHpOBaHHC OCKOJIKOB ACJICHHSI C paBHOBCCHblM 3aPSIAOM Zeff KOTOpbIH 

OHR npuo6peTalOT B pe3yJibTaTe pll.!\a npou.eccoa HOHH3aU,HH 3a ClJCT TCTIJIOBOH 

3HeprnH 3JICKTpoHOB TIJia3Mbl, H ua coo61ll,eHHC OCKOJIKY JI OTOpBaHHbIM OT uero 

u u 3kT 3JICKTpoHaM CPCAHCH TCTIJIOBOH 3HCprHH nJia3Mbl 2 MO)KHO He YlJHTblBaTh, 

TaK KaK 

e. <<e f,011 PuWr (2.28) 

H3-3a 

lo nfafN = 5,4 · 10-s. (2.29) 

10 

,.. 

~ 

" 

' 

3aTpaTaMH 3Heprnu Ha 11om13au,uio (d, T, Pu239
)-cMeCH II cTapTOBhlH pa3orpeB 

nJia3Mhl MO)KHO TaK)KC npcHc6pettb, TaK KaK OHH 3HattHTeJibHO MCHbWC no cpaB

HCHHIO C 3aTpaTOll 3HCpnm Ha HHHU,HltpoBaHHC U,CTIHOH peaKU,HH Sl]:\epuoro CHH-

TC3a: 

eio11 + (ni + nt) edst < < ni edWr + nfePuWr 
(2.30) 

3ueprHS1 ]:\CHTOHa AJISI IIHHU.HHpoBaHHSI TaKOll peaKU,HH uaXO]:\HTCSI H3 yCJIOBHSI 

uatJaJia ec (1.1 l) c yttcToM (1.13) 
2 ni Twr a/11 

-<a v> T =N ·-·-
4 M d E dWr Wr W11 lo afN ' 

(2.31) 

C HCilOJlb30BaHHCM (2.24): 

edWr = 8,2· 10
3 

38 = 2 2 . 1020 3B·c 

<aM vd>e 4 O· I0- 17 cM3 ·c ' cM
3

' 
dWr ' 

(2.32) 

a 3HCprHSI TIJIYTOHHSI 

e = e PuWr dWr 
(2.33) 

H3 yCJIOBHSI (2.17). B pc3yJibTaTC AJISI OU,CHOK ocraeTCSI Hatt6oJiee BCpoSITHaSI 

MaKCBeJIJIOBCKaSI 3HCprttS1 HOHOB ACHTCPHSI H 3JICKTpoHOB TIJia3Mhl B npCATIOJIO

)KCHHH IlOKOSlllJ,CrDCSI TPHTHSI H :JHcprHSI HOHOB IlJIYTOHHSI H ero 3JICKTpoHOB: 

ewr;; (ni + n,)edwr· (2.34) 

TaKHM o6pa30M, HaXO)K]:\CHHC BpCMCHH Y.!\Cp)KaHHSI nJia3Mhl T Wr' ueo6xo

AHMOI"O AJISI HHlllJ.HHpoBaHHSI u.enHOH pcaKU,HH 11.!\CPHOro CHHTC3a, CBOAHTCSI K 

uaxmKACHHIO HHTCrpaJia B JICBOH lJaCTH (2.23). ]lJISI uaxo~CHHSI 3TOro HHTCr

pana BOCTI0Jlb3YCMCSI TCOPCMOH O CPCAHCM 3HalJCHHH onpe,!\CJICHHOro HHTCrpana 

C HCOOJlb30BaHHCM (2.32): 
e Wr 

Twr= f 
E. + F. ,on st 

de -
2 + T iOII + f st = 

n. 
Nwn nfa/11 e,+ f <aM vd>ed (ea+ lo nfa/Net) 

;; I (<aM v?ed = ½<aM v?"dw,). (ni + nt) edWr + Tio11 + Tst. (2.35) 

ECJIH .!\JIii uaxo~CHHSI apeMCHH cTapTOaoro pa3orpeea nJia3MbI (2.15), ttTOObI 

BbITIOJIHHTh yCJIOBHC ~2.14), B03bMCM 

edst = 10 :JB (2.36) 
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(pea.nhHO TeMnepaTY,pa (d, T)-I1.1133Mbl 6yJJ.CT Bblllle, C ytleTOM <<1.1,eHhl HOHH3a-. . 
u.uu» (2.6) u 6o.nee oXJJa)KJ].eHHoro I1.11YTOHHS1 no cpaaHeHmo c d, T-nottaMu), 

TOrJJ.a 

7 -6 
T st = ,5 · lO C. (2.37) 

B peayJihTaTC C ytleTOM (2.35; 2.6; 2.37) BpeMSI YJJ.Cp)K3HHSI nna3Mbl J].JJSI HHHU.H

HpoBaHHSI u.cnHOH peaKU.HH SIJJ.epHOro CHHTC3a 6yJJ.CT 

0-6 -6 
Twr = (35,0 + 9,0 + 7,5)· l c = 51,5· 10 C. (2.38) 

fl pH 3TOM noporoaoe 3Ha4eHHC HMnyJihCa TCnJIOBbIX HeiiTpoHOB 

Now11 = Nw11·Twr = l,O· 1015 Wn/cM2, (2.39) 

a noporoaoe JHa'-!eHHe TH 

T 0 

n = N · Wr ·:.ill= 3 8· 1017 WN/CM3 
oWN W11 / a ' . 

0 /N 
(2.40) 

ECJIH y'leCTh, 'ITO cpCJJ.HCe 3Ha4CHHe HHTerpaJia (2.32) c Y4CTOM 

(2.31; 2.34) HMeeT BHJ].: 

f ( <aM vd>Ed = ½ <aM vd>Edw,). (ni + nt) t:dWr = 

8 (n; + n1) 

= n7 (ea+ 3/0 n1a1Nt:t) 

t:dWr 

<aM vd>EdWr' 
(2.41) 

TO BpeMSI yJJ.ep)KaHHSI T Wr onpeJ].CJISICTCSI B OCHOBHOM napaMeTpoM 

t:dWr = Z [::>B·c] 
<aM vd>E - dTEdWr CM3 ' 

dWr 

(2.42) 

KOTopwii caM no ce6e xapaKTepuayeT 3Heprmo 'laCTHU.hl B 1 cM
3 

ropS14eii I1.11aa

Mhl B TC'leHHC ceKyHJJ.hl. TaK KaK CKOpocTb peaKU.HH <a M V d> E ' KOTopaSI Haxo-
dWr 

JJ.HTCSI H3 YCJIOBHSI HHHU.HHpoBaHHSI u.enHOH peaKU.HH SIJJ.CPHOro CHHTC3a (2.31)' 

He 33BHCHT OT copTa '-13CTHU., y'laCTBylOmHx B TCpMOSIJ].epHOM CHHTC3e, a OTHO

llICHHC 3THX napaMCTpoB JJ.JISI pa3JIH4Hb1X TCpMOSIJJ.CpHblX peaKU.HH CBOJJ.HTCSI K 

OTHOllJCHHIO 3HCprnii ed npH OJI.HOH H TOH )Ke CKOpoCTH peaKU.HH, nO3TOMy 3Hep-

rHIO flOJ].)KHra I1.1133Mbl J].JJSI 3THX pcaKU.HH MO)KHO nOHH)K3Tb aapbHpoBaHHCM ni 

HJIH H3MCHeHHCM N W11 JJ.O 3HCprHH nOJ].)KHra peaKU.HH ( 1.3). HanpHMCp, OTHO-

12 

·i'i•i :1 

' 

I 

j 

Ta6Jinu.a 3 

Ed(d,d)·l0-3, 
Ed (d, d) 

<aM vd>, Ed(d, 7)·10-3, 
Ed (d,.1) 

Z /Z 
dd<d dT,d 

. <aMvd>,d 
. 

<aM vd>,d 
. 

38 CM3/c 3B 
3B·c/cM3 3B·c/cM3 

2,0 l ,8 · 1023 1,1 · 10-20 1,3 l,1·1023 1,5 

4,0 2,6 · 1022 l,5· 10-19 2,0 l,4· 1022 2,0 

6,0 l, l · 1022 5,4· 10-19 2,4 4,4· 1021 
2,5 

8,0 7,O· 1021 l,l·l0-1s 3,1 2,8· 1021 
2,6 

10,0 5,0· 1021 2,0· 10-18 3,3 1,8 • 1021 
3,0 

llJeHHC Z ddE I Z dTE J].JISI pea KU.HU (2.2Oa) n (l .3) JIC)KHT OT 1.5 AO 3 a ):\Hana-
dWr dWr 

aoHe ::>Heprnn 2 + 10 K::>B (Ta6JI.3), no::>TOMY ::>HepmS1 nOJJ.)KHra I1.1133Mhl JJ.JI.sI pe

a KU.HU (2.2Oa) B CJiy'lae ucnoJihJOBaHHSI u.enHOH peaKI.J;HH .sIJJ.CpHoro CHHTeaa 

MO)KCT 6h1Tb CYI.U.CCTBeHHO nOHH)KeHa H3MeHCHHCM n; no cpaBHCHHIO, Hanpu-

MCP, C 3JieKTpoMarHHTHblM paaorpeBOM I1.1133Mbl, C HCnOJib3OB3HHeM KOToporo 

caMonoMep)KHBalOII.1,HHCSI TCpMO.sIJ].epHblH CHHTe3 MO)KeT HJ].TH C noMOI.U.blO pe-

3KIJ.HH (2.20a) H (1.3) COOTBeTCTBeHHO npH 3HCpm.si:x ~ 100 K3B H ~ 10 K3B. 

CJICJ].OBaTeJibHO, HCnOJib3OB3HHe u.enHOH peaKU.HH 5IJJ.epttoro CHHTeaa nO3BOJI.sieT 

noJiy'-IHTb Ha OJI.HOH H TOH )KC ycTaHOBKe HCTO'IHHK HHTeHCHBHbIX noneii MOHO-

3HCpreTH'-ICCKHX HeilTpoHOB He TOJibKO H3 peaKI.J;HH ( 1.3) , HO H H3 peaKIJ.HH 

(2.20a,6; 2.21a,6), TaK )Ke KaK H H3 JJ.pymx peaKIJ.HH, HanpHMCp, H3 peaKIJ.HH 

Ll7 + d ➔ Be8 + n + 15,0 M3B 

B JJ.HanaJOHC 3HCpmu OT - 2 M3B JJ.O - 14 M3B. 

3. TEPMO.SI.AEPHhIA PA3MHO)KHTEJih HEATPOHOB 

OCKOJIKAMH AEJIEHUSI. (TEPAHOA) 

(2.43) 

OpraHHJyeM roMoreHHYIO (d, T, Pu
239

)-crpyl0 no U.CHTpaJibHOH OCH CTaJih

Hon Tpy6hl, o6pa30B3HHOH U.HJIHHJJ.PH'-leCKHMH peJOHaTOpaMH no 6oKaM C 333O

paMH aoaHyTph, <<OJJ.eTOH>> eme B OJI.HY CTaJihHYIO Tpy6y, Me)KJ].y KOTOphlMH 6y

ACM nponyCK3Tb :>KHJJ.KHH TCI1.IIOHOCHTeJib (pHc.2). TaKylO KOHCTPYKIJ.HIO noMe

CTHM B u.eHTpaJibHblH KaHaJI peaKTOpa C pa3pylllaeMOH 3KTHBHOH 30HOH C 

qmioeHCOM (2.10). 
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Haii'AeM Heo6xo~HMhle yCJIOBHSI pa3orpeaa n yAep)KaHHSI (d, T, Pu
239

)

CTpyn B TaKOM pa3MH0)KHTeJie B HeiiTpoHHOM HMnyJibCHOM noJie. 

MarHHTHOe noJie B,AOJlb u.eHTpaJibHOlf OCH B Tpy6e opraHH3YCTCSI C no

MOIIJ.blO IJ.HJIHHAPHtJ:CCKHX pe3oHaTopoB nyTeM B036y)KACHHSI B HHX t.tcpe3 nCTJIIO 

CB513H 3JICKTpoMarHHTHhIX KOJie6aHHH 

H
111

(H
2 

:;i!: 0, H, :;i!: 0, E, :;i!: 0, Ect :;i!= 0) 

c OCHOBHOH tJ:aCToToii 

(3.1) 

w,11 = c·A(l,84)2 :rc2 r + 2 L 

(3.2) 

npn yCJIOBHH 

L> 2,04 r, (3.3) 

r,Ae / H r - COOTBeTCTBeHHO ,AJIHHa H pa,Anyc IJ.HJIHH.APHtJ:CCKHX pe3oHaTopoB, 

C - CKOpocTb CBCTa. 3a30phl B pe30HaTope 6epyTCSI TaKHC, lJT06hl t.taCTb 3JieKT

poMarHHTHOH 3Heprnn H3JIYtJ:aJiach B Tpy6y, KOTopa!I caMa no ce6e npe,AcTaBJISl

eT pe3oHaTop c BhICOKOH ,AOOpoTHOCThlO. lJacTh H3Jiyt.teHHSI cTpyn B npou.eccc ce 

pa3orpeaa 6yAeT B03BpaIIJ.aThCSI pe3oHaTopaMn o6paTHO Ha ee no,AorpeB, no3BO

JI5151 TeM caMhIM tJ:aCTHtJ:HO ynpaBJISITb IlO,AorpeBOM nyTeM H3MeHeHH51 CKOpOCTH 

OTKatJ:KH 3Heprnn 3TOro H3JiytJ:eHH51 qepe3 neTJIIO CBSl3H. KpoMe 3TOro, 3apS1)KeH

Hhle tJ:aCTHIJ.hl, ABHralOIIJ.HCCSI K CTCHKe, 6yAyT npaKTHtJ:eCKH IlOJIHOCTblO OT,Aa

BaTh CBOIO 3Heprn10 pe30HaTopaM B BH.Ae TOpM03HOro H U.HKJIOTpOHHOro H3JiytJ:e

HHH H3-3a B3aHMO,AeHCTBH51 co CKpeIIJ.CHHhIMH UOJISIMH: 3JieKTPHtJ:CCKHM H Mar-

14 

HHTHhIM (MartteTpOHHhIH 3q>q>eKT). 

"- --- ,,...2.. 3JieKTpOMarHHTHaSI <<nOAYlllKa», 06-

6 

pa3y101IJ.aS1CSI BOKpyr 3a3op0B B pe-

3YJlhTaTe U3JiytJ:eHHSI pe30HaTOpOB, 

6y,AeT ytJ:aCTBOBaTh B H30JISIIJ.HH 

nJia3MeHHOH CTpyu OT CTeHOK CTaJib

HOH Tpy6hl. f'aq>pttpoBaHHa!I noaepx

HOCTh BHyTpeHHCH Tpy6hl 3a CtJ:eT 06-

PHc.2. CetJCHHe TepMO!IJ:1Cp11oro pa3MH0)KHTC

JI!I 11eiiTpOHOB OCKOJIKaMH ]leJICIIH!I (Tepa110-

]la): I - q>pOHT 11eiiTpOHHOl'O HMnyJihca; 2 -

BaKyyM, 3 - UHJIHHJIPH'leCKHH peao11arnp; 4 
- )KHJIKHH TCnJIOIIOCHTCJib; 5 - CTaJiblla!I 

Tpy6a; 6 - (d, T, Pu
239

)-CTpy11 

•::.) 

pa3ylOIIJ.HX ee pe3oHaTOpoB n03B0JISICT YBCJIHl.fHTb TCnJIOCbCM )KH,AKHM TCnJIO

HOCHTeJieM: Ta Ka SI KOHCTpyKIJ.HSI BnOJIHC JIOrHl.fHa, CCJIH yt.teCTh, tJ:TO TOpM03Ha51 

3Heprn51 H3JIYl.fCHHSI 3JICKTpoHOB npeBhllllaeT 3HCpreTHtJ:CCKHH BblXOA peaKU.HH . 

(l.3) B Hat.taJihHOH CTaAHH pa3orpeaa nJia3Mhl I I ]. 
ll,naMeTp crpyu Hatt.ACM H3 HCOOXOAHMOCTH o6ecnetJ:CHH51 BpeMeHH YACp)Ka

HHSI nJia3Mhl AJISI HHHIJ.HHpoBaHUSI u.cnHOH peaKIJ.HH Sl,AepHOro CHJJTe3a (2.38) no 

BpeMCHH npoxo,KAemrn q>poHTa nOTOKa TenJIOBhIX HCHTpoHOB CKB03b CTpy10 

(2.6). CJieAyeT yt.teCTb, l.fTO B U.CHTpaJibHOM KaHaJie HMnyJihCHOro peaKTOpa 3Ha

tJ:eHHC nOTOKa TCnJIOBhIX HettTpoHOB B,ABOe Bhlllle cpeAHero 3HatJ:eHHSI (2.10)' no-

3TOMY BpeMSI y,Aep)KaHHSI CJICAyeT 6paTh B,ABOe MeHhlIIC. B pe3yJihTaTe AHaMeTp 

CTpyu HaXOAHTCSI c yt.teTOM (2.6) u (2.38) no q>opMyJie 

l ~5 D0 ~ 2 rw,-vw
11 

= ,7 cM. (3.4) 

ll,JI1rna CTpyu onpe,AeJISICTCSI AJIHHOH U.CHTpaJibHOro KaHaJia HMDYJibCHOro peaK

Topa C yt.teTOM yCJIOBHSI (3.3), OrpaHHtJ:HBalOW.ero ee CHl13Y. 

Bo BpeMSI acnhllllKH B peaKTope TenJIOBhle HeiiTpoHhi im Mepe npoHHKHOBe~ 

HHSI B CTpylO 6YAYT Bhl3hIBaTh ACJieHHe S!ACP Pu 239
• ffpe#ii~TaTe t'arpe~i CTpYli 

OHa 6y,AeT paClllHpS!TbCSI KaK BHC, TaK H BOBHyTpb ce6si. <l>poiIT, pacu.mpeHH.116y.:. 

AeT uMeTh ceot0 crpyKTYPY tt3-3a TenJionpoBOAHOCTu- u BS13KOCT11. 1,'erui~npo

BoAHOCTh (nepCHOC 3Heprntt) o6yCJIOBJieHa ABH)KeHHCM 3.neKTpoHOB, B TO spe~t'.11 

KaK B513KOCTb (nepeHOC HMnyJihCa) CBSl3aHa C ABH)KeJmeM HOHOB •. lfa-3a pa3Jm> 

tJ:HSI cKopocTeii HOHOB ACHTepn!I, TPHTu;i, nJiyTOHHSI u 3JieKTpott6BnOCJie-BhlpaB'.:. 

HHBaHHSI npoH30U'ACT pacCJIOCHHe HarpeTOro CJIOSI. CTpyu, · B pe3y JlbTaTe KOTOJ)O

ro 6yAyT o6pa30BhIBaThCSI nJiyTOHHeBhle, TPHTHCBhle, ,ACHTeptteBble " 3.IICKT~ 

poHHbIC U.HJIHHAPHKH. TaK KaK BpCMSI BhlpaBHHBaHHSI rev (Ta6JI.2) 3HalJHTeJ1hHO 

MCHbllle BpeMeHH npOXO,KACHHSI CTpyu TCnJIOBblMH HettTpoHaMH (2.6), a CKO

POCTb CXOASIIIJ.CrQCSI q>poHTa pacrnupeHHSI pa3orpeTOro CJIOSI CTpyu (KOTOpa51 on

pe,ACJISICTCSI Han6oJiee Bepo!ITHOH MaKCBCJIJIOBCKOH CKOpocTblO 3JICKTpoHOB) 

npeBhllllaeT CKOpoCTb 3ByKa B XOJIOAHOH t.taCTH crpyn (Ta6JI.2), B03M0)KH0 o6pa-

30BaHIIC IJ.HJIHHAPHtJ:CCKOH pa,AHaJibHOH y,AapHOH BOJIHhl. TaKoe o6pa3oBaHHC 

YAapnoii BOJIHhl npHBC,ACT K ynJIOTHCHHIO q>poHTa pacrnupeHHSI pa3orpeToro 

CJIO.sl CTPYH 

r.Ae 

y+l 
n =--n 

fr y - l o/r' 

5 
r=3 

(3.5) 

(3,6) 

- aAHa6aTHl.fCCKaSI IlOCTOSIHHaSI AJISI O,AHOaTOMHOro ra3a. TaKOC ynJIOTHCHHC 

npttBC,ACT K AOnOJIHHTCJibHOMY pa3orpesy 3TOro q>poHTa H3-3a YBeJIHl.fCHHSI tJ:HC

Jia aKTOB ,ACJICHHSI n YMCHblIICHHSI npo6eroB B HCM OCKOJIKOB AeJICHHSI. 

IS 



TorAa a ll,CHTPaJl11HOM CTOJI6HKC CTpyn, KOTOpbIH 6yACT AOilOJIHHTCJibHO Ha

rpeBaThCSI 3a CllCT aAna6aTHllCCKOf'O o6x<aTHSI B npou,ecce pacumpeHHSI, H3-3a 

nepeXOAa TCilJIOBOH 3Heprnu HarpeBa U,CHTpaJibHOf'O CTOJ1611Ka B KHHCTHllCCKYIO 

3HCprnIO HOHOB H 3JICKTpoHOB B03HHKHCT ABHX<CHHC 3THX HOHOB H ,)JICKTpoHOB 

BA0Jih u,eHTPaJihHOH ocu a KBa3HHCHTpaJibHOH IlJla3MCHHOH cTpye. B MOMCHT 

BpCMCHH, KOrAa HaCTYilHT paBCHCTBO, HanpuMep, B CJiyqae B03HHKHOBCHH51 

yAapHOH BOJIHbl 

+ l 2 
2 Y. --:,r; Dre/ -

n Do - y - l k Tfref -
2 nie n Do 

+ l 2 
Y. --:n; Dre/ 
y - l k Tcref n. D2 ,e :n; 

0 

(3.7) 

H3-3a AOCTaTOllHOf'O IlOAOrpeBa U,CHTpaJibHOf'O CTOJI6HKa C AHaMCTpOM Dre/ 

T · > T ere/ - /ref, (3.8) 

CXOASIILIHHCSI (ppoHT pacurnpeHHSI 0Tpa3HTCSI Ha U,CHTpaJihHOM CTOJI6HKC CTPYH" 

HallHCT yxOAHTb B CTOpoHy CTCHKH Tpy6hl, o6pa3ySI TCM CaMhIM a6JISIU,HIO, KOTO

paSI YBCJIHllHT aAHa6aTHllCCKOC o6X<aTHC ll,CHTpaJibHOf'O CTOJI6HKa u npu o6paT

HOM XOAC (ppoHTa pacumpeHHSI 6yACT B03BpaIL1aTh qacTh nJia3Mhl K U,CHTPY 

CTpyn • .D,JISI TaKOf'O npou,ecca CX<aTHSI u OTpaX<CHHSI B CTpye B JIHHCHHOM npu6JIH

X<CHHH noJiyqaeTCSI CJICAYIOlllaSI CHCTCMa AH(p(pepeHu,HaJibHblX ypaBHCHHH: 

rAC 

dpk dvk dSc 
-+-+-=0, 
pk vk Sc 

R 
dpk = µk (Tk dpk + pkdTk) ' 

SR 
vkdvk + 2 -dTk = 0, 

µk 

pk vk dvk = -dpk' 

k =/, T, d; 

pk= nkkTk 

- napu,HaJibHOC AaBJICHHC OAHOH H3 KOMilOHCHT CTpyu, 

pk=nkmk 

- IlJIOTHOCTb, µ k - MOJISlpHaSI Macca, R - ra30BaSI IlOCTOSIHHaSI, 

Sc =n D:/4 
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(3.9) 

(3.10) 

(3.11) 

(3.12) 

(3.13) 

(3.14) 

(3.15) 

(3.16) 

- CCllCHHC U,CHTpaTibHOf'O CTOJI6uKa CTpyn. TionyqeuuaSI CHCTCMa ypaBHCHHH 

Il0JIHOCTblO aACKBaTHa CHCTCMC ypaBHCHUll B ra30AUHaMHKC, KOTopyio nonyqa

lOT npu paccMOTPCHUH pa3roHa ra3a B peaKTHBHOM CODJIC AO ·caepx3BYKOBhIX 

CKOpOCTCH. CaMa aACKBaTHOCTb HCYAUBHTCJlhHa, TaK KaK B ·npou,ecce CX<aTHSI, a . 

3aTCM OTpaX<CHUSI (ppoHTa pacumpeHUSI B crpye IlOTOK HOHOB H 3JICKTpoHOB B 

U,CHTpaJibHOM CTOJI6HKC CTpyu npoXOAHT BCC HCOOXOAHMhIC CTaAHH npou,ecca 

nonyqeHUSI cBepx3BYKOBOH crpyu B peaKTHBHOM conne. Hanuque Pu
239 

B 

( d, T)-nna3Me n03BOJISICT noJiyllaTh MaKCHMaJihHYIO peaKTHBHYIO Tnry, TaK KaK 

IlJIYTOHHH TSIX<CJICC BCCX AOCTYilHhIX B npupoAe 3JICMCHTOB. 

113 perneHUSI T3KOH CHCTCMbl ypaBHCHHH 

dvk (vz _ ll = dSc 
V 2 S ' 
k vs c 

(3.17) 

rAe vs - cKopoCTh 3ByKa B nna3Me (T 2.3) npu TeMnepaType Tk (rn6n.2), CJieAy

eT, llTO npH CX<aTHU CKOpoc;b IlOTOKa vk CTpCMHTCSI K CKOpoCTH 3ByKa (dSC < 0), 

a npH pacrnupeHHH ( dS C > 0) o6pa3yCTCSI IlOTOK co CBCpX3B YKOBOH CKOpOCTblO 

(TCilJIOBaSI 3HeprnSI U,CHTpaJibHOro CTOJI6HKa nepCXOAHT B KHHCTHllCCKYIO 3Hep

rnIO HanpaBJICHHoro noToKa). TaKOH noTOK MOX<CT 6h1Th HanpaBJICH Ha ( d, T)

MHlllCHh AJISI yBCJiuqeHHSI BhlXOAa TH Ha 3HalluTCJihHOM YAaJICHHH OT TepaHOAa, . 

Ou,eHHM llHCJIO qaCTHU, B 3TOM DOTOKC • .D,JISI IlpocTOThl orpaHHllHMCSI CJiyqa

CM o6pa3oBaHHSI CJia6oli yAaPHOH BOJIHhl. PaccMoTpettue aAua6aThl Ilyaccotta 

HHllCf'O CYILICCTBCHHO HC MCHSICT. BocnoJih3YCMCSI paBCHCTBOM (3.7) AJISI MaKCH

MaJlbHOH OU,CHKH KOJIHllCCTBa qacTHU, B DOTOKC, npHHSIB llHCJIO Maxa 

TorAa nonyquM, qro 

T . . ~ ere, 
Tfref = 

M= 1. 

Pr M~ - (r - 1) I l (r - 1) M
2 + 2 1 = 1. 

(y + 1)2 M2 

B pe3yJI&TaTe u3 paaeHCTBa (3.7) CJieAyeT, llTO 

2 2/ Dre/= Do 8, 

a llHCJIO qacruu. B_CBCPX3BYKOBOM DOTOKC 

2 
y + 1 :,r; Dre~ 1 19 

n. =--·--'n. =-n. =54·10 1ec y-1 D2 1e 21e' 
:n; 0 

(3.18) 

(3.19) 

(3.20) 

(3.21) 

cornaCHO (2.5; 2.13). HanpaBJICHHhlH IlOTOK HOHH30BaHHhlX qacruu. B KBa3H

HCHTpaJibHOH IlJla3MCHHOH crpye o6pa3yeT TOK, KOTOphlii JICrKO Oll,CHHTh, B3SIB 
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cpeAHee apeMsi 10-8 Ci!KY~hl npoxo~eHnsi 3BYKOM l CM a pa3orpeTOii: IlJiaJMe 

a AHanaJoHe l + 10 K3B (Ta6JI.2): 

ll.q 2,7· 1019.1,6· 10-19 K = 4,3· 108 A. 
J= M = 10-8 C 

(3.22) 

TaKoii: TOK nopo)KAaeT MarnnTHoe noJie, npuaoAHW.ee K Z-nnHll-<>cp<peKTY, KO

TOphlii: aAna6aTHlleCKH 00)KHMaeT u.eHTpaJibHhlll CTOJI6HK, pa3orpeaa11 ero AO 

TeMnepaTyp1:,1 

J2 
10 T = 2 2 = l,9· 10 K, 

c :rr c Dre/niei 
(3.23) 

corJiaCHO COOTHOIIIeHHIO BeHHeTa c ylleTOM (3.4). Harpea u.eHTpaJibHOro CTOJI-

6nKa crpyu Z-nHHll-3cp<peKTOM npuBeAeT K AODOJIHHTCJihHOMY BhIXOAY TH HJ 

peaKU.HH (1.3), MHHHMaJihHOe 3HalleHne KOTOporo 

(1,35. 1019)2 (-1-) 2 _ 10-Is (cM3). 10-16 (c) = 4,1 · 1016. w~. 
4 CM3 C CM 

(3.24) 

.ll,JI.sI ou.eHKH B3SITO 3KCnepnMeHTaJihHOe apeMSI npoAOJI)KHTCJihHOCTH Z-nHHll-

3cp<peKTa 
T = lQ-6 p c, ·(3.25) 

Ja KoTOpoe IlJia3MeHHhli1 IIIHYP pa3py111aeTCsi yAapHhlMH BOJIHaM», o6pa3oBaH

HhlMH B pe3yJihTaTe TaKoro 3cjxpeKTa, eCJIH ero cneu.naJibHO He CTa6HJIH3Hpo

BaTh. B CJiyllae TepaHOAa npucyTCTBHe IlJIYTOHHSI KaK pa3 H Il03B0JISieT AOilOJI

HHTCJihH_O pa3orpeBaTb u.eHTpaJibHhlH CTOJI6HK OCKO.nKaMH ACJieHHSI, llTO npHBO

AHT K OTpa)KeHHIO cppoHTa C)KaTHSI Z-nHHll-3cp<peKTOM Ha 3TOM CTOJI6HKe, TaK 

KaK B COOTHOIIIeHHH BeHHeTa IlOSIBJISleTCSI ern;e OAHO CJiaraeMoe, 3a KOTOpoe OT

BeTCTBeHHhl OCKOJIKH ACJieHHSI IlJIYTOHHSI: 

1 ( 4/ ) 
2 

( ) niec l • 8:rr cDc =nck Ti+Te +4<aMvd>Edc•p On/a/NE/' (3.26) 

rAe nj - KOHU.eHTpau.usi IlJIYTOHHSI c YlleTOM C)KaTHSI u.eHTpaJibHOro CTOJI6HKa. 

IlOMHMO 3TOro, BKJiaA B CTa6HJIH3aU.HIO IlJia3MeHHOro IIIHypa BHOCHT MarHHTHOe 

IlOJie BAOJih u.eHTpaJibHOH OCH CTpyu, o6pa30BaHHOe U.HJIH~pnlleCKHMH pe30Ha

TOpaMH, llTO yKa3hlBaeT Ha B03M0)KH0CTh ynpaBJieHHSI AOilOJIHHTCJlhHhlM Harpe

BOM u.eHTpaJibHOro CTOJI6HKa H3MeHeHHeM CKOpoCTH OTKallKH 3JieKTpoMarHHT

HOH 3Heprnn H3 3THX pe30HaTOpoB. 

qaCTHU.hI, y111eA1IIHe B CTOpoHy CTeHKH Tpy61:,1, nOCJie TOpMO)KeHHSI B CKpe

rn;eHHhlX IlOJISIX - 3JieKTpHlleCKOM H MarHHTHOM - 6yAyT CTSlrHBaThCSI K U.eHT-

18 

PY Tpy6hl 8-nHHl1-3cp<peKTOM H3-3a CKHH-3cp<peKTa. 11 ace 6yAeT IlOBTOpSIThCSI 

3aHOBO 3a ClleT U.CilHOH pcaKU.HH 51AepHOro CHHTe3a H Z-nHHl1-3cp<peKTa B pe-

3YJihTaTe YBCJIHllCHHSI U.CHTpa.JibHOro TOKa (3.22) H3-3a npeBhllIICHHSI CKOpocTH 

3ByKa HanpaBJICHHhlM UOTOKOM HOHH30BaHHhlX llaCTHU. nOCJie OTpa)KeHHSI 

cppoHTa C)KaTnSI·Ha u.enTpaJibHOM CTOJI6HKC. 
TaKHM o6pa30M, paCCMOTpCHHOC ycTpoHCTBO (puc.2) IlPCACTaBJISICT H3 ce6si 

MarueTpoH, B KOTOpoM poJih KaTOAa BhlDOJIHIICT nyJihCHpyiom.nii nJia3MeHHhlH 

urnyp. 

4. KPl1TEP11tl JIOYCOHA U,ETIHOtl PEAKU,1111 

51.ll,EPHOfO Cl1HTE3A 

TaK KaK B CJiyllac u.enHoii peaKu.1in 11.ll,epHoro cuHTe3a ee HallaJIO onpCACJIS1-

cTc11 CKOpOCThlO TCPMOIIACPHOH pea KU.UH H3 yCJIOBHSI (2.33)' TO BnepBhlC MO)KHO 

rosopHTh O pCaJihHOM TCpMOSIACPHOM pcaKTOpe Ha AeHTCpHCBOM TOilJIHBC 

(2.20). 
CorJiacuo (2.20; 2.35; 2.6; 2.15; 2.41) AJISI peaKu.uu (d, d) speMSI YACP)Ka-

HHSI 6yACT 

8(nd + nf) ·Z + 
- ) ddedWr •wr - n! (edd + 3/o nfa/Nef 

L (nd+n;edst 
0 + --'---:-~ ' + 2 vw Nw,, nfa/11 el 

II 

rAC 

Edd= eHcJ +ET+ EP = 5,23 M3B, 

a/N (2,45 M<>B) = 8 · 10-24 
cM

2
, 

TaK KaK corJiacHo (2.20a) 11 I 
EN= 2,45 M3B • 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

.ll,JISI peaKU,HH (2.20) YBCJIHllHM KOHU.CHTpau.uio AeHTCPHSI u IlJIYTOHHSI AO 2,24 

aTMoccpephl, llTOOhl noHH3HTh TCMnepaTypy pa3roHa u.enHoii peaKu.nu 51AepHoro 

CHHTC3a: 

19 / 3 nd, n1= 6,1 · 10 llaCTHU. CM • 

TorAa 

T Wr = (236,0 + 9_,0 + 7,5) · 10-6 
C = 252,5 • 10-6 

C 

(4.5) 

(4.6) 
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npu 

zddt: = . 104 3B = . 21 
dWr 2,0-10-18 CM3/c 5,0 10 3B·c/cM3. (4.7) 

Bee ou.euKu npottJBOAHJIHCh B npeAnOJio)Kemrn, 4TO noJJOBHHa SIAep ACiiTepusi, 

DJIYTOHHSI H 3JJeKrpoHOB noKOHTCSI. ll.ttaMeTp CTPY" B 3TOM CJJy4ae cornacuo 
(3.4) 

D
0 
~ 28,0 CM. (4.8) 

· n.JJsi uax_o)KJ:{euusi KpttTepusi Jloycoua u.enuoii peaKU.HH SIAepuoro cuuTeJa 

cocraBHM 3uepreTHtieCKHH 6anauc cornacuo (2.25; 3.21): 

2 2 ~--n n ~. 
d · d 

4<aM vd>t:dw, rer (edd + 2/0 nfa/Ne!) + 1'/ 4<aM vd>t:dw, relN + 

.,,. l 
+ 2 (nd + nl) edWr 2: (nd + n!) edWr' (4.9) 

rAe 

r =r -(r +r) er Wr io11 st ' (4.10) 

a, YtIHThlBasi coBpeMeuu1>1e BOJMO)KHOCTH TenJJoTexuttKH, Killl. AJJH TH 
B03hMeM 

reactor 

blcriket 
Pung 

MGD -
generation 

magnetron 

d,d 

' 1 · 0 0 
E .. C 
~ ~ 0 
-., 0 Ill ._ 

.C .C cu 0 
- a. ... -

PHc.3. CxeMa Harpeaa (d, Pu239)-11Jla3Mbl H oroopa :mepn111 u peaKTope TepM011J1epHoro pa3-
MHOJKeHH11 HeiiTpOHOB OCKOJIK3MH }leJleHHSI 

20 

PHc.4. npH11L111n11a.rib11a11 cxeMa peaKTopa Tep
M011J1epHoro pa3MIIO>Kem111 11eiiTpoHOB OCKOJJ
KaMH J1eJJe111111 (peTpaHO}la): ) - >KHJIKHH pac
TBOp ypanoeoH conH; 2 - lKHJIKHH Teni10Hoc11-
TeJJb; 3 - pe3oHarnp; 4 - 6naHKeT; 5 -
ceepx3ByKOBaSI CTpy11 (d, Pu239)-nna3Mbl; 6 -
neTJJSI CBSl3H JIJISI 113K3'!KH CBq; 7 - JarJJywKa 
JIJISI peHTreHOBCKOl'O H3Jly'leHHSI ; 8 - Mf)].-re
Heparnp; 9 - MarHeTpo11; l O - KOJJbl\0 nOJI Bbl
COKIIM. 11anp11JKe11HeM; 11 - repMeTH'lll3SI no
JJOCTb e "RO'IHOM COC/Jle; 12 - Be

9
; 13 - Th232

; 

14- U2 8
; 15 - Li ; 16-oTpa>KaTeJJbC H3Me

llSIIOll\eHCSI reoMeTpHeH; 17 - norJJOTHTeJJb; 
18 - WTOK nmpaBJJH'leCKOl'O npHBOJ1a; 19 _, 
(d, Pu239)-HHJKeKTop; 20 - neTJJSI ce11311 JIJISI 
OTK3'!KH CBq 

1'/ = 1/3. 

~ 

(4.11) 

B peJyJJhTaTe KpttTepliii Jloycoua u.enuoii peaKU.HH 51Aepaoro CHHTeJaAJIH peaK-

u.uu (2.20) 6yAeT CJJeAyID~HM: . 

4Z 
ddt:d~ 

nd r 2: 2z' = L (T.,,) . 
er edd+YJEN+ On/a/Ne/ .. r 

B KOHKpeTHOM CJJyqae AJJH peaKu.uu (d, d) 

a cornaCHo (4.5; 4.6) 

15 I 3 L (T wr) = 3,25 · 10 c CM , 

ndrer= l,4·1016 c/cM3. 

(4.12) 

(4.13) 

(4.14) 

B CJiyqae HCDOJih30BaHHSI 3JleKTpoMarHHTHOro paJorpeBa DJI33Mhl L (T) TaKoe 

noJiyqaeTCH, eCJIH peaKU,HSI (2.20) npoHCXOAHT npu TeMnepaType 

Ede-Ar= 100 K3B ' 
(4.15) 

B OTJIH4He OT HCilOJih30BaHH51 B peaKTOpe u,enuoii peaKU,HH 51Aepaoro CHHTeJa, 

KOTOpasi U03BOJISleT IlOJIYllHTh TaKOH xce KpHTepuii JloycoHa (4.13) COrJiaCHO 

(4 .. 7) npu 

edWr = 10 K3B. (4.16) 

. CJieAyeT T3KX<e OTMeTHTh, HJ cpaBHeHH51 npu paBHhlX yCJIOBH51X Z-napaMeTpoB: 
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zdd >ZdT 
tdWr tdWr 

(4.17) 

cornaCHo (2. 7) u (2.32), cpa3y Bll'AHO, 'ITO ucnoJI&3oBaHue peaKu,uu ( d, d) ::mep

reTHlleCKH 6onee BhlroAHO, lleM HCnOJih30BaHHe peaKU,HH (d, T) AJISI npOMhIIII

JieHHhlX u,enen. 

Ha puc.3 npueeAeHa cxeMa pa3orpeea (d, Pu239)-Ma3Mhl u oT6opa :mepmu 

e B03MO)KHOM peaKTope, e KOTOpoM ucnoJI&3yeTCSI pa3MHO)KeHue TH ocKOJIKa

MH AeJieHHSI. Ha puc.4 npuBeAeHa npHHU,HnHaJihHaSI cxeMa peaKTOpa TepMO

MepHoro pa3MHO)KeHHSI HenTpoHOB OCKOJIKaMH AeJieHHSI (peTpaHOAa). 3Hep

rmo ceepX3BYKOBOH CTpyu MO)KHO npSIMO npeepalll,aTh. B. 3JieKTpoMarHHTHYIO C 

nOMOlll,hlO Mr,U-reHepaTOpa. B MarneTpoHe, e KOTOpoM e poJIH KaTOAa 6yAeT ca

Ma ceepX3BYKOBaSI CTPYSI, llaCTH'IHO oroepeTCR ee 3HeprnS1, 'ITO nOBhlCHT KII,U 

Mr,U-reHepaTOpa. C noMOlll,hIO rn6pll'AHOro 6JiaHKeTa npoH3BOAHTCSI npeepa

w;eHue 3Heprnu TH B TenJioey10 c noJiylleHneM AOnoJIHHTeJI&Ho - 140 M3B Ha 

OAHH TH. Ilpu 3TOM o6pa3yIOTCSI H30TOnhl Pu239, U 233 , a TaK)Ke TpHTHU H3 pe
aKU,HH 

Li6 + n ➔ a + T + 4,6 M3B. (4.18) 

C IlOMOIIJ;hlO pa3MH0)KHTeJISI HenTpoHOB Be9 MO)KHO opraHH30BaTh AJISI ynpaBJie

Hlrn peaKTOpoM <<HenTpoHHOe 3XO>> nyTeM H3MeHeHHSI reoMeTpHH OTpa)KaTeJISI. 

<<HenTpoHHOe 3XO» MO)KeT BhlnOJIHSITh B onpeAeJieHHOM CMhlCJie poJib «3ana3Ahl
BaIOw;Hx>> HenTpoHOB, KaK B aTOMHOM peaKTOpe. 

TaKHM o6pa3oM, MR ynpaeJieHHSI peTpaHOAOM uMeeTCSI nRTh cTeneHen ceo-

6oAhl - ABe MeAJieHHhlX "TPH 6&1CTphlx: B03MO)KH0CTh eapuau,uu HenTpoHHOro 

HMilYJihCa nyTeM H3MeHeHHSI KOJIHlleCTBa BhlTaJIKHBaeMoro rll'ApaBJIHKOH )KHA

KOro pacTBopa ypaHOBOU COJIH B BaKyyMHYIO IlOJIOCTh B peaKTOpe C pa3pywae

MOU aKTHBHOH 30HOn; B03MO)KHOCTh H3MeHeHHSI KOHU,eHTpau,uu nJiyTOHHSI B 

(d, Pu
239

)-cMecu; ynpaBJieHue KOJIH'le~BOM H3JiylleHHSI pe30!faTOpoe o6paTHO 

B KaMepy nyTeM H3MeHeHHSI CKOpocTH OTKallKH 3JieKTPOMarHHTHOU 3Hepmu H3 

Hux; «HenTpoHHOe 3X0>>, ynpaBJISleMoe H3MeHeHHeM reoMeTpHH OTpa)KaTeJI5I; a 

TaK)Ke B03M0)KHOCTh H3MeHeHHSI KOJIHlleCTBa HOHOB H 3JieKTpOHOB B ceepx3By

KOBOH CTpye C IlOMOIIJ;hlO KOJihU,a Ha BhIXOAe, Ha KOTOpbIU nOAaeTCSI noTeHU,HaJI 
COOTBeTCTBYIOlll,ero 3HaKa. 

3AKJII01IEHl1E 

Bo3MO)KHOCTH paCCMOTpeHHOro BhlIIIe peaKTOpa TepMOMepHoro pa3MHO)Ke

HHSI HenTpoHOB OCKOJIKaMH AeJieHHSI n03BOJISIIOT npoeeCTH IIIHpoKHU Kpyr HC

CJieAOBaHHU B o6JiaCTH MepHOU Q>H3HKH, Q>H3HKH 3JieMeHTapHbIX llaCTHU,, B 06-
JiaCTH Q>H3HKH TBepAOro TeJia H 6uoq>H3HKe. 
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IloMHMO TIOJIY'ICHHSI BhlCOKOHHTCHCHBHhIX noJien MOH03HepreTHlleCKHX 

HenTpoHOB e AHana3oHe oT - 2 M3B AO - 14 M3B Ha TepaHoAe, c n0Mow;&10 

peTpaHOAa MO:>KHO noJiyllaTh HenTpHHHhle nOJISI, 3HallHTeJihHO npeBblIIIaIOw;He 

no HHTCHCHBHOCTH noJISI, KOTOphle MOryT reHepupoeaTh cneu,HaJihHO pa3pa6o

TaHHhle AJISI 3Ton u,eJiu 11MnyJI&CHhle peaKTOphl· Tnna <<Pl1Hf>> (6 HenTpuHo Ha 

OAHH aKT AeJICHHSI) [6 ). A oco6eHHOCTh KOHCTPYKU,HH peTpaHOAa n03BOJISleT no-

MeCTHTh B 6JiaHKeT Li7 AJISI noJiylleHHSI HeihpHHO 6oJiee BhICOKHX 3Hep~n, lleM 

HCHTPHHO, o6pa3yIOlll,HCCSI npnfi-pacnaAe OCKOJIKOB AeJieHHSI, Ha nOPMKH OOJih-

IIIC, 'ICM e <<P 11Hfe», e KOTOpoM Li 7 nJiaHnpyeTCR noMelll,aT& e OTpa)KaTeJie. 

IlpeACTaBJISieT TaK:>KC HHTepec ncnoJI&30BaHne CB1I BhlCOKon MOlll,HOCTH, 

KOTOphle aKKYMYJIHPYIOT B TCpaHOAC pe3oHaTOphl, npeBhIIIIalOlll,HC no llaCTOTe 

H3BCCTHhle rcHepaTOphl, B HCCJieAOBaHHSIX C npHMeHeHHeM SIAepHoro MarHHTHO

ro pe3oHaHca, a TaK)Ke AJISI u3yqeHusi ceepxTOHKOH cTpyKTYPhl JI3MOOBCKoro 

CABHra. 

Oco6hln HHTcpec npeACTaimsieT B03MO)KHOCTh noJiylleHnS1reHepaTOpa Kore

peHTHoro H3JiylleHHSI C MepHOH HaKallKOU 6e3 HCnOJih30BaHHSI MepHoro B3phl

Ba. IlOCJie OTpmKeHHSI q>poHTa C:>KaTHSI B U,CHTpe CTPYH no ee OCH OCTaHeTCSI TOH

KHU MYTOHueehlii nJia3MeHHhln IIIHY p, npeACTaBJISIJOlll,HH H3 ce6si, KaK u3eecT

HO, ll'AeaJI&HhIH BOJIHOBOA, Ha Topu,ax KOTOporo 6yAeT H3JIYllaThCSI 

HanpaBJieHHOe BhlCOKOHHTCHCHBHOe (npeBOCXOASilll,ee Bee H3BeCTHhle HCTO'IHH-

KH) H ceepxnJIOTHOe peHTreHOBCKOe H3JIYlleHHC. ,Uo6aBJISISI B (d, Pu239)-cMeCh 

aTOMbl TSl)KeJihIX 3JieMeHTOB C H30MepHbIMH COCTOSIHHSIMH, MO:>KHO TeM caMhIM 

opraHH30BaTb Ha 6a3e TepaHOAa CTaU,HOHapHblH reHepaTop KOrepeHTHOro Ji3Jiy

lleHHSI C MepHOH HaKallKOH. 
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1.1.enHaSI peaKU.HSl SI)J,epttoro CHHTe3a. 

, , ' 

. ,C ttcnoJihJosatttteM ycrnttosJiettttoro ttosoro QJH3H"4eCKoro sisneHHSI - pa3-
M.HO.)KCHHSI TepMOSI)J.epttbll( HettTpoHOB OCKOJIKaMH )J,eJieHHSI - pa3pa6oTaHO 
ycTpottCTBO )J,JISI rettepau.HH HHTeHCHBHbIX noJieii MOH03HepreTH4eCKHX Hdhpo
HOB, HeiiTpHHHblX llOJieii H )J,JISI noJiy4eHHSl ny4KOB HanpasJieHHOro KOrepeHT
HOro IJCHTreHOBCKOro H3Jiy4eHHSl C llOMOUJ.blO SIJJ.CpHOH HaKa4KH 6e3 
HCilOJib30BaHHSI SI)J.epttoro B3pb1Ba. O6cy.)K)J.aeTCSI npHHU.HllHaJibHO HOBaSI CXCMa 
TepM0SIJJ.epttoro peaKTopa, noJBOJimom.asi pa6ornn; Ha JJ.eiiTepHH. · 

Pa6oTa BbinOJIHeH~ B O6,,eJJ.~HeHHOM HHCTHTyTe· SI)J,epHbIX HCCJie)J,OBaHHH. 

llpen,pmlT Q6,,e,n1111c1111om IIIICTIITyra_ H.U_CpllblX HCCJIC,UOllall~lll. Jl,y611a 1992 

TTepeBOJJ. asTopos 

Zoriri G.N., Vorobjov E.D. 15-92-375 
Chain Reaction of Nuclear Fusion 

· The mechanism for gen~ration of intensive fields of monoenergetic neu
trons, neutrino fields and for beams production of the directional coherent X 
radiation with the help of nuclear pumping without using nuclear explosion is 
elaborated with the use of the established ne\\' physical phenomenon - thcr- • 
monuclear neutrori multiplication by fission fragments. A fundamentally ricw. 
scheme of a fusion reactor on deuterium is discus~cd. · 

The investigation has been performed at the Joint Institute for Nuclear 
Research. · 
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